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1. Introduction
In last RAN3 meeting, extension of RLF report for re-connection failure case had been discussed and some agreement had been got, however some detail of such report didn’t get enough discussion and clarification, e.g. the timer proposed by [1]. This contribution give detailed analysis and describe the usage of such timer, further propose  some more information necessary for MRO to be included in the RLF report.
2. Different scenarios of failure
2.1 Failure without handover initiation
2.1.1 A successful handover before failure

In our understanding, the timer proposed in the [1] is mainly applied in the following scenario,

Scenario a.  UE handed over from cell A to cell B, then after sometime RLF occurred in cell B, consequently it tries to re-establish the connection. 
After the handover completion, timer Tstore_ue_ctxt was started in the eNB which controls cell B. UE records the time from the handover completion to the re-establishment attempt, which can be called Tho2reest.
1) For the case of re-connection success
According to Rel-9 agreement, based on the Tstore_ue_ctxt, eNB B can determine the failure cause. For example, if Tstore_ue_ctxt expires when eNB B receives the RLF INDICATION message, it will consider the root cause is ‘HO too late’ or ‘Coverage hole’; otherwise, ‘HO too early’ or ‘HO to wrong cell’. 
2) For the case of re-connection failure

Tstore_ue_ctxt is not sufficient to diagnose the problem, since the uncertain delay UE stays in IDLE state. As a result a new timer is needed, i.e. time elapsed between the last successful HO and the re-connection attempt, which can be called Tho2reest.
Tho2reest will be transferred to the eNB where failure occurs, and then this eNB could compare it with Tstore_ue_ctxt to detect the root cause. The figure below illustrates the usage.
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Figure 1.  Tho2reest infers the relation between HO and RLF

· If Tho2reest is less than Tstore_ue_ctxt, it indicates that the failure has internal relation with the handover action. According to the scenario definition in [2], the handover problem goes to ‘HO too early’ or ‘HO to wrong cell’. And further, by checking the cell where first re-establishment attempt was made with the serving cell before last handover, the root cause could be determined.

· However, if Tho2reest is greater than Tstore_ue_ctxt, it infers that the failure has no relation with the prior handover. In fact these are two independent events. Thereby, the problem can be identified as failure occurs before (next potential) handover initiated, i.e. ‘HO too late’ or ‘Coverage hole’, which could be further differentiated using the RSRP measurement in RLF report. 

Proposal 1.  The time between the last successful HO and the first re-connection attempt can be used to determine the handover problem in the above scenario, i.e. failure occurs after successful handover.
When the time recorded by UE is from handover completion to failure occurrence rather than first re-establishment attempt, the above analysis is also applicable. The difference of the two timers is the elapse of cell selection after failure, which is restricted by T311. From our point of view, such difference has no impact on the detection mechanism in MRO. 
Proposal 2. Either the time i.e. from handover completion to first re-connection attempt, or the time i.e. from handover completion to failure occurrence, can be used by network to detect the handover problem, we have no strong preference on which should be defined in Rel-10 stage. 

2.1.2 No handover action before failure
Also, another case should be taken into account, i.e. there is no handover action before failure.
Scenario b.  UE connected to cell A and received service from network, and after sometime RLF occurred. Consequently, UE tries to recover connection.

In the scenario, both Tstore_ue_ctxt and Tho2reest are not applicable. When UE attempts to re-connect to another eNB different with original serving node, the re-establishment will fail due to lack of context. As the result, UE enters into IDLE state. Thus, the information included in the RLF report is some different from that in scenario of 2.1.1. Only the two IDs below are needed.
· E-CGI of the last cell that served the UE (where the RLF happened)
· E-CGI of the cell that the first reconnection attempt (RRC connection re-establishment or RRC connection setup) was made at.
The E-CGI of the cell that served the UE before HO is non-sense. And the timer Tho2reest is not valid. Thereby, these two elements should not be present in this case.
2.2 Failure during HO procedure
Also, there is another scenario that should be considered for MRO, i.e. the failure occurs during handover procedure, which has been agreed by RAN3 in stage 2.  This scenario is described for instance as follows, 

Scenario c.  UE was conducting handover from cell A to cell B, however RLF occurred before handover completion. Consequently, UE tries to recover the connection. 

In this scenario, Tstore_ue_ctxt is not started since handover didn’t finish, while the timer Tho2reest is not applicable. Then what complementary information should be used to help network diagnose failure cause? To answer it, detailed analysis is made below.
Case c1)  UE select Cell A to re-establish connection after failure.
In Cell A, i.e. the source cell, the UE’s context is preserved, as a result the re-connection can succeed.  Based on the context, the eNB controlling cell A can deem the problem as ‘HO too early’ without any information from UE. 

Thus, in this case no RLF report is needed.
Case c2)  UE select cell B to re-establish connection (this is a rather scarce case).
Since there exists UE’s context in Cell B, the re-connection will succeed. Then ‘HO too early ’ or ‘HO to wrong cell’ can be excluded for sure in such case, and based on the information provided by Rel-9 mechanism(e.g. RLF INDICATION over X2), the eNB controlling Cell B can determine the real problem cause without any other information.
Thus, in this case information provided in Rel-9 spec is enough and no additional information is needed.

Case c3) UE select cell C to re-establish connection.
In this case, there are two sub-cases to be considered.

· sub-case c3_1) re-connection succeeds in case of the Cell C is a prepared cell. After fetching RLF report from UE, the eNB controlling cell C sends RLF INDICATION message to eNB A (assuming Cell A and C are controlled by different eNB).  

Since UE didn’t enter into IDLE state, the time interval from failure to re-connection is quite small. Consequently, eNB A could preserve this UE’s context. Based on the context and the X2 message, it can be found that connection was lost before handover completion, and the cell in which connection is recovered (i.e. Cell C) is not same as the old serving cell (i.e. Cell A). As such, eNB A can diagnose the problem ‘HO to wrong cell’.
· Sub-case c3_2) re-connection fails in case of Cell C isn’t a prepared cell, and then UE transits into IDLE state. After a while, UE might initiate fresh connection in Cell C. After connection setup, the serving eNB fetches RLF report, and sends RLF INDICATION message to eNB A. 
Because the fresh connection was setup after UE entered IDLE state, and the time UE stays in IDLE is uncertain, then the time interval from failure to re-connection may be relative large. Hereby, eNB A might have discarded this UE’s context. Upon receiving RLF INDICATION, eNB A could only know failure occurred in Cell A and re-connection in Cell C, neither it knows failure happened during handover, nor the association of Cell C with handover source or target cell. In this case, Tstore_ue_ctxt is not ON, and eNB A might wrongly diagnose it ‘HO too late’. 
In order to enable eNB to detect the real cause, the following information is needed,

· A bit indicating failure occurred during handover procedure,

· E-CGI of the last cell that served the UE (where the RLF happened)，i.e. the source cell of the failed handover,

· E-CGI of the target cell of the failed handover,

· E-CGI of the cell that the first reconnection attempt (RRC connection re-establishment or RRC connection setup) was made at.
2.3 Conclusion
As a complete solution, all above scenarios should be taken into account, therefore we suggest follows, 

Proposal 3.  RLF report should be extended to include following information in order to support MRO function in case of re-establishment fail,

-
A flag bit indicating whether failure occurred during handover procedure
-
E-CGI of the last cell that served the UE (where the RLF happened)

-
E-CGI of the cell that the first reconnection attempt (RRC connection re-establishment or RRC connection setup) was made at

-
In case of above flag set to ‘False’, E-CGI of the cell that served the UE before the HO to the last cell, if applicable, or 
in case of above flag set to ‘True’,  E-CGI of the target cell of the failed handover

- 
time elapse between the last successful HO and first re-connection attempt or failure occurrence, if available
3. Proposal
Above all, this paper provides the following proposals to RAN3 for discussion. And once the agreement can be achieved, an LS with the detailed information could be sent to RAN2. 
Proposal 1.  The time between the last successful HO and the first re-connection attempt can be used to determine the handover problem in the scenario, i.e. failure occurs after successful handover.
Proposal 2. Either the time i.e. from handover completion to first re-connection attempt, or the time i.e. from handover completion to failure occurrence, can be used by network to detect the handover problem, we have no strong preference on which be defined in Rel-10 stage. 

Proposal 3.  RLF report should be extended to include following information in order to support MRO function in case of re-establishment fail,

-
A flag bit indicating whether failure occurred during handover procedure
-
E-CGI of the last cell that served the UE (where the RLF happened)

-
E-CGI of the cell that the first reconnection attempt (RRC connection re-establishment or RRC connection setup) was made at

-
In case of above flag set to ‘False’, E-CGI of the cell that served the UE before the HO to the last cell, if applicable, or 

in case of above flag set to ‘True’,  E-CGI of the target cell of the failed handover

- 
time elapse between the last successful HO and first re-connection attempt or failure occurrence, if available
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